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Recent  publications  on patient-speciﬁc  instrumentation  for  total  knee  arthroplasty  have  reported  con-
siderable  variability  in  the axial  positioning  of  the  cutting  guides  for the  femoral  component.  These
personalized  cutting  guides  are  manufactured  based  on  bone  shape  data,  generated  from  magnetic
resonance  imaging  (MRI)  or computed  tomography  (CT).  The  goal  of  this  study  was  to  compare  the
reproducibility  and  accuracy  of distal  femoral  torsion  (DFT)  values  measured  using  these  two  imaging
modalities.  We  hypothesized  that MRI does  not  reproducibly  and  consistently  measure  DFT  and  is  not  as
accurate as  CT scan.
Methods: Anonymized  radiology  records  from  54  patients  that  included  MRI  and  CT  scans  of  the  knee
were  read in  random  order  by two  observers,  on  two  separate  occasions.  These  records  were  from  patients
being considered  for a meniscal  or  osteochondral  graft  and  who  had  their  knee  explored,  but  who  had
not  undergone  femoral  or tibial  surgery  and  were  free  of osteoarthritis.  The  DFT  was  estimated  using
the  posterior  condylar  angle  (PCA),  using  both  its  anatomical  and  surgical  deﬁnitions.  The  intra-  and
inter-observer  reproducibility  of  the MRI  and  the  differences  relative  to  CT scan  measurements  were
analysed.
Results:  The  average  intra-observer  difference  for  the  MRI evaluation  of  the  anatomical  PCA was  0.8  ±  1.2◦;
it was  0.4  ±  0.9◦ for  the  surgical  PCA.  More  than 1◦ difference  from  the  average  was  found  in 8  cases
(14%)  using  the  anatomical  PCA  measurement  and  4 cases  (7.4%)  when  using  the  surgical  PCA  (P  =  0.4).
The  intraclass  correlation  coefﬁcients  (ICCs)  were  0.67  (95% CI: 0.33–0.85)  and  0.74  (95% CI: 0.47–0.89)
for  the anatomical  and  surgical  PCA,  respectively.  The  average  inter-observer  difference  for  the MRI
evaluation  of the  anatomical  PCA  was  1.6 ±  1.4◦; it was  1.5 ±  1.0◦ for  the  surgical  PCA. More  than  1◦
difference  from  the average  was  found  in  27  cases  (50%)  using  the  anatomical  PCA  measurement  and  22
cases (40%)  when  using  the  surgical  PCA  (P =  0.4).  The  ICCs  were  0.31  (95%  CI:  0.14–0.65)  and  0.48  (95%
CI:  0.06–0.75)  for the anatomical  and  surgical  PCA,  respectively.  The  average  differences  between  the  CT
and  MRI  measurements  were  1.4 ±  1.1◦ (0.2–5◦) and 1.1 ± 0.8◦ (0–3.6◦) for the anatomical  and  surgical
PCA,  respectively.  Greater  than 1◦ difference  between  CT  and MRI  was  found  in  29  records  (54%)  for  the
anatomical  PCA  and  in 18  records  (33%)  for  the  surgical  PCA  (P = 0.03).
Conclusion:  DFT  measurement  on  MRI is  more  reproducible  and  consistent  when  using the surgical  PCA.
MRI measurements  differed  by more  than  1◦ relative  to CT  measurements  in  more  than  one-third  of
cases.
Case  control  study:  Level  III.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Long-term survival of total knee arthroplasty (TKA) requires
ccurate positioning of the various components so as to minimize
ear, loosening and poor clinical outcomes [1–5]. Computer-
ssisted surgery was introduced to improve TKA positioning [6],
∗ Corresponding author.
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.but it has been associated with speciﬁc complications and longer
surgery duration [7,8]. Patient-speciﬁc cutting guides (personalized
instrumentation) were developed to reduce these complications
and optimize implant positioning in the three planes in space rela-
tive to conventional instrumentation [9,10]. Nevertheless, recent
published results do not support this hypothesis [11–14], par-
ticularly for axial positioning of the femoral components [12].
Use of personalized instrumentation requires a prior radiographic
measurement of the distal femoral torsion (DFT), an anatomical
parameter that was ﬁrst described and measured on CT scans
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Fig. 1. Example of the analysis of distal femoral torsion on MRI (a) and CT (b) using
the  methods deﬁned by Yoshioka (anatomical PCA) and Berger (surgical PCA).
Table 1
Reproducibility and agreement between the MRI  measurements of DFT.
Anatomical
PCA
Surgical
PCA
P value
Intra-observer
Average ± standard
deviation (range)
0.8 ± 1.2
(0–2.4◦)
0.4 ± 0.9
(0–1.8)
0.1
Error > 1◦ (%) 8 (14%) 4 cases
(7.4%)
0.4
ICC
95% CI
0.67
0.33–0.85
0.74
0.47–0.89
Inter-observer
Average ± standard
deviation (range)
1.6 ± 1.4
(0.1–5.6◦)
1.5 ± 1
(0–4.4◦)
0.7
Error > 1◦ (%) 27 cases
(50%)
22 cases
(40%)
0.438 M. Ollivier et al. / Orthopaedics & Traumat
6,15,16], but in practice is more often determined using MRI
mages to control manufacturing of the cutting guides [13].
The goal of this study was to evaluate the intra-observer repro-
ucibility, inter-observer agreement and accuracy of MRI-based
easurements of DFT. We  hypothesized that MRI  does not repro-
ucibly and consistently measure DFT and is not as accurate as CT
can.
. Methods
The radiological records from 54 knees that underwent both MRI
nd CT were analysed retrospectively by two observers on two dis-
inct occasions in a double-blinded manner (anonymized records,
resented in random order). Only patients who were candidates
or meniscal or osteochondral grafting were included (28 men  and
6 women, average age 32.4 ± 4.9 years). To be included, the knees
ould not have undergone previous femoral or tibial surgery or have
adiographic signs of osteoarthritis. The dual CT and MRI analysis
as performed because of a meniscal injury in 41 cases (76%) and
hondral damage in 13 cases (24%). The radiological evaluations
onsisted of 1.5 T MRI  with T2-weighted acquisition of raw slices
nd CT scan with thin (2 mm)  slices centred over the knee [15].
The DFT was measured through the posterior condylar angle
PCA) and deﬁned in two ways: anatomical PCA according to Yosh-
oka [17] (angle deﬁned by a line tangent to the apex of both
picondyles and a line passing through posterior condylar axis on
he same slice); surgical PCA according to Berger [5] (angle deﬁned
y a line passing through the medial sulcus/apex of lateral epi-
ondyle and a line passing through the posterior condylar axis on
he same slice) (Fig. 1a and b).
Two observers who were familiar with DFT measurements per-
ormed the CT and MRI  measurements twice, one week apart. The
elemis® imaging software was used to carry out the measure-
ents (Telemis S.A., Ottignies-Louvain-la-Neuve, Belgium). The
FT was measured on the slice where the notch appeared to be
he deepest [15]. The appearance of the medial sulcus on the CT
mages was described using Akagi’s classiﬁcation [18]: 17 knees
31%) were type 1, 31 (57%) were type 2 and 6 (11%) were type 3.
. Statistical analysis
The intra-observer reproducibility and inter-observer agree-
ent were based on calculation of the intraclass correlation
oefﬁcient (ICC), by counting the number of cases that had more 1◦
ifference from the average value. The accuracy was  determined
y comparing the average DFT on CT and MRI.
Post-hoc analysis of our accuracy results showed that the num-
er of patients included made it possible to determine a 0.5◦
ifference in accuracy between CT and MRI  measurements with a
0% statistical power (alpha = 0.05). The clinical signiﬁcance thresh-
ld was set at 1◦. Differences between the average values were
valuated using a paired Student’s t-test after conﬁrming the vari-
bles were normally distributed. Bland–Altman plots were used to
how the dispersion of the measurements around the CT target (1◦
ifference from the corresponding CT measurement) [19].
. Results
The intra-observer reproducibility of the MRI  measurement
f the surgical PCA was better than that of the anatomical PCA;
he number of observations with more than 1◦ error was  not
igniﬁcantly different (Table 1). The same ﬁnding applies to the
nter-observer agreement (Table 1).
While the MRI  and CT measurements of the anatomical and sur-
ical PCA were not signiﬁcantly different from each other (average
ICC
95% CI
0.31
0.14 − 0.65
0.48
0.06 − 0.75
ICC: intraclass correlation coefﬁcient; CI: conﬁdence interval; DFT: distal femoral
torsion; PCA: posterior condylar angle.
M. Ollivier et al. / Orthopaedics & Traumatology: Surgery & Research 101 (2015) 937–940 939
Table  2
Comparison of CT and MRI  measurements of DFT.
Anatomical PCA Surgical PCA P value
MRI: average ± standard deviation (range) 5.7 ± 1.9◦ (1.4–11.4◦) 2.7 ± 1.6◦ (–1.5-6.2◦) <0.0001
CT:  average ± standard deviation (range) 6 ± 1.6◦ (1.8–9.1◦) 3.1 ± 1.7◦ (0.4–6.8◦) <0.0001
MRI-CT difference 1.4 ± 1.1◦ (0.2–5◦) 1.1 ± 0.8◦ (0–3.6◦) 0.2
Difference > 1◦ (%) 29 (54%) 18 (33%) 0.03
Overall scatter 0.22 ± 2.3 
DFT: distal femoral torsion; PCA: posterior condylar angle.
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tig. 2. Bland–Altman plot comparing the anatomical PCA for the two imaging
odalities.
nd scatter), the number of conﬂicting measurements (more than
◦ difference between the MRI  and CT scan value) was  signiﬁcantly
reater for the anatomical PCA (Table 2, Fig. 2).
. Discussion
Imperfect results following TKA with patient-speciﬁc cutting
uides have been reported, implicating speciﬁcally a lack of accu-
acy in the femoral component’s rotation [12,20,21]. This rotation
s set based on MRI  measurement of DFT, which is likely to be called
nto question, particularly in terms of its reproducibility.
This study revealed a certain number of potential errors of more
han 1◦, and up to 5◦ in some cases, both in the measurement of the
urgical and anatomical PCA with low ICC, particularly for inter-
bserver agreement. The MRI  analysis had greater scatter than the
T measurements and was not consistent with CT measurements,
specially for the anatomical PCA. In all, these observations sug-
est that the reproducibility of MRI  measurements is insufﬁcient,
ig. 3. Bland–Altman plot comparing the surgical PCA for the two  imaging modali-
ies.−0.19 ± 1.6
with a potential lack of accuracy relative to CT, particularly for the
anatomical PCA (Fig. 3).
The MRI  reproducibility was  lower than the one reported for CT
analysis. Figueroa et al. [22] reported intra-observer reproducibil-
ity associated with ICC of 0.8 and inter-observer agreement with
ICC of 0.76. The DFT parameter assumes that reliable bone land-
marks are measured. It is essential that the horizontal slices pass
through all the landmarks simultaneously [15]. Accuracy can be
altered by the presence of metal-related artefacts, and by the sever-
ity of osteoarthritis and presence of osteophytes. There are also
problems surrounding the determination of the position of the epi-
condyle and medial sulcus. Yoshino et al. [23] reported that the
medial sulcus could only be identiﬁed in 30% of cases. Akagi et al.
[18] came to the same conclusion in a study with 111 knees and
classiﬁed the medial sulcus morphology into three types: 27 type
1 (sulcus easy to identify), 55 type 2 (sulcus hardly identiﬁable) and
29 type 3 (sulcus not identiﬁable). The challenges associated with
locating bone landmarks has been reported by multiples authors,
no matter which method is used [5,17,24], and may be the cause of
the low reproducibility. There were fewer cases of type 3 sulcus in
our study than in the Akagi study [18], which can be attributed to
our patients being younger and non-arthritic. On the other hand,
with MRI, hypointensity of the medial collateral ligament in T2-
weighted images complicates identifying the exact position of the
medial epicondyle and the centre of the sulcus on the most rele-
vant slices. Similarly, the ability to see the cartilage results in the
PCA positioning being less accurate. Together, these can explain the
lower reproducibility and agreement for the MRI  measurements
than for the CT measurements [22]. Based on this analysis, use of
personalized instrumentation inevitably leads to 1◦ to 1.5◦ rota-
tional malpositioning of the femoral component in an appreciable
number of cases. These differences in the analysis of implant posi-
tioning have previously been reported in an experimental study of
TKA implantation in sheep bones. White et al. [25] found differ-
ences in the expected implant position on the order of 1 mm for
cutting guides made based on CT images, versus 3 mm for guides
made using MRI  images. Nevertheless, the authors deﬁned these
differences as distances (in mm)  in the three planes in space, not
changes in angles.
The current study has its limitations. First, the included patients
are not representative of the arthritic population that typically
undergoes TKA, which theoretically means that even larger errors
could be encountered than those found here. The accuracy of the
CT analysis used to compare the MRI  measurements is not exempt
from criticisms, as the scatter is similar to the one for MRI  mea-
surements, and the intra- and inter-observer variability can differ
by several degrees [26]. Figueroa et al. [22] recently studied the
accuracy of CT measurements of DFT by comparing it to optical
measurements after TKA. They found about a 2◦ difference between
the CT measurement and the true anatomical value. In addition, the
tools used by manufacturers of personalized instruments were not
available to us for this study, in particular, three-dimensional veri-
ﬁcation of raw MRI  slices. This secondary validation may minimize
the number of errors relative to those in our two-dimensional anal-
ysis. And last, although the analysed CT and MRI  images came from
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Despite these limitations, we believe this study is the ﬁrst to
valuate the features of MRI  measurement of DFT. Our ﬁndings may
xplain the some of the rotational malpositioning of the femoral
omponent in TKA cases performed with patient-speciﬁc cutting
uides.
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